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Sir: 

Ihi^ is an. appeal from tlie final rejecuon oJ'claitns 1-5, and 8-15 in the Oflke Action 
mailed June 8, 2006, m the above-identified patent application. A Notice of Appeal was illed on 
Septembers, 2006> 
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(1) REAL PARTY IN INTEREST 

The n.-.ii pari y in iiUcrc.st of this application arc the assignee, Chiidren's Medicai Center 
rPTporcUKin, MA m\d the [loeii'-co. Tentju>n Inc., PA. 

(2) liEL^\ f'EO APPEALS AND INTERFKRENCES 

I here are no related appeals or inierferctices known lo the appeilanl. the undersigned, or 
appcllani's assignee which directiy affects, wliich would be directly arfecied by, or which would 
h.ivc :i fu-aring un the Bo.trd's decision m this appeal. 

(3) STATUS OF CLAIMS ON APPFAL 

Claims 1-5 and 8-1 7 aic pending atid on appeal, Cidiuii, 6 .iiid 7 \u\ c been cancelled. 
Claims 16 and 17 have been withdrawn and re-liled in a divisional application. The text of each 
claim on ap|7eaK as pending, i-i set forth in an Appendix to this Appeal Brief, 

(4) ST<VTrS OF AMENDMENTS 

File ciahns v^cro last amended in the amendment filed on October 3. 2U05, Claims 6 and 
7 wert* cancelled and new claims 8-15 added in the Preliminan- Amendment tiled on Febniary. 
2. 2(K)4. Claims 1 6 and 1 7 were added in the Amendment and Response filed on October 3, 2005 
and wthdrawn in the olTice action mailed on December 13. 2005. 

(5) SliMMARY OF THE CLALMED SI H.rrcT MA ITER 

Independent eiaun 1 deilne^ a method for making a ccll-matri.K construct for use as a 
heart ¥al ve comprising 

impkmting into &n animal a cell-matrix construct comprising a fibrous matrix (column 3, 
lines 42-51) in the sliiape of a heart valve or heart valve leailet (column 7, tines 21-23, example 1, 
columns 7-8. example 6. colunvi I \) whu^n M c tvj^ , ^ u v ' i t biocompatible, 
biodegradable polymci (cnkuun 4. lines 2-7) having seedeu fiii.it.in cells selected from the group 
consisting of endothelial cells, myofibrtjblasls, skeletal muscle cells, vascular smooth muscle 



celb, m\ocyics, fibiomyoblasts. and cctodemial cells (column 6, lines 26-1i4), wherein the cell- 

tnain\ > ovsuiu t i.an n'thsuiul lepc.iuJ sticis asid MKun (colunui 2. Inics 4()-43, column 5, Imcs 
■^1-4^ ^.olumn 7, line^ IJ 1 ho uiatux cui be ^ccdod with dtssocuUcd p aeivinmj oi 
connecthc tissue ccllh <> Luni 2 tjugnia! chum 5, cuiurnu <x Imes 26-34) 1 he nialnx uan fubi he 
culuu-ed at a first site in a pahwt prior to being transplanteti to a second site (claim 3, column 3, 
lines 3-9). 

C Uiiir 8 fcquuc^, tlx- bean \u!vc h.tve mechanical strength, and fiexibiUty or pliability 
(t-'oiimin 2, lines 48-55, column 3, lines 62-67. column 7, lines i 2-2^} 

'I he cell-matrix construct is formed of a polymer selected litun Uic ^lou]- cun<^it.iing ol 
po]y(lactide) (PLA). poIy(glycolic add) {PGA}, poly(lactide-co-giyco!ide) (PLGA), 
poly(.caprolactone). polycarbonates, pol} amides, polyanhydrides, polyamino acids, polyortho 
r-^tcis roKacetals, polycyanoaciylrtos a-^ doui.xi blc polyuicthancs fciaim "i) or of a polymer 
<;c!caed nom the group consisting of polymery laics, cthyleue-vinyl acelate polymers, acyl 
substituted cellulose acetates, non-erodibic polyurcthanes, poly.sl>ienes, polyvinyl chloride, 
poKvmyl Huoride. polyCviny! imidaicolc), chlorosulphonated polyalifin.% polyethykne oxide, 
polyvinyl alcohol, and nylon (chum 10, column 4. line I, until column 5, line7). 

\^ 'ct leJ ch.rn ' 1 the coji-m.iti- ^.ons/uct cvi.Ktu^'- intciconncc^ed poics in ihe 
laijL'j v>i l^cuscLn v ppiOMmatch ] UO and 300 micions (column 3. hue.-, 45-46), u can mciude 
growth faclois (claim 12), such as tiiose listed in eiaim 13 (coiiaitn 5, lines 59-67). The ceH- 
matiix can further comprise bioactivc factors incorporated to between one and ?0% by weignt 
( chnvA 1 4 coiujnu ^. !inc> 45-40 and cohjum 6. lines 4-13). 

t kiim I^d fn.'^tht co]|-m<V!ix construct of Any one of claims 1-14 
t uunf 16 Jl lines a Leii-niaiiiv ounstruot for use as a heart vahe or heart vaive leaflet 
eornprising 
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a fibrous polymeric matrix in the shape of a heart valve or heart valve leaflet, wherein the 
matiix js ilniidd of a biocompatible, biodegradable polymer hEiving seeded thereoii cells 
coiPpriMibj Di\t>rj[i!ohhi?is yroun to continence and then endothelial cells seeded thereon, which 
J', u-qniicd h\ claim 17. can uithsiand repeated stress and strain (column 7, line 53, until column 
S, line 9, column 2, lines 37-45). 

(6) GROUNDS OF REJECTION TO B£ REVIEWED ON APPEAL 

I ho i-suc nrc-opied on appeal is: 

(a) ubcthoi- ciaima 1-5 and 8-15 arc obvjou? under 35 U.S.C. §103(a) over U S. 
Patent No. 3.5 14.7^1 to Sparks, et al. C'Spurks") m \icw of U.S. Faieiii No. 5,514,378 to Mikos 
(-Mikos*') or IIS. Patent No, 5.709,854 to Griffith-Cima, et al {"Grifilth':) and in view of either 
U.S. Patent No. 4,795,459 to Jauregui {"Jauregui") or U.S. Patent No. 4,9i 6,193 to Tai% et al. 

(7) ARGU.MENTS 

(a) The Claiaied iiive»tion 

iJi&spite advances in its treatment over the past years, valvular heart disease is still a 
majtir cause of morbidity and mortality in the United States, killing thousands of Americans each 
sear. Heart xahv rcp!;ioe ven< \\\\'^ .-'^['-ci non!i\inif xenografts or mechanical prostheses is an 
c{fecti\c therapy for \ jK'uiar heart disease. However, both t)'pes of heart valve replacements 
have limiiaiiom. including finite durability, foreign body reaction or rejection and the inability of 
the non-U%'ing structures to grow, repair and remodel. 

Many tissues have been engineered using method?; in the prior art. which utiliiie porous 
stiueiiuv'^ whwh support ccl! gu.v\tl! throi. jj^-ut a bH'ek«n}p:iiib!c and biodegradable matrices, 
i l(v.se\ cj. theie icaiains a need lo impnn'c the chaiacterisdc mechanical and physical properties 
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of resulting tissues obtained from the resulting tissue, which in some cases do not possess the 
reqiiis ii. sttcngtii and p!iabilii\ to pcifonn its necessary function, w vivo. 

uns ha\c cUst orod n>cfhod ofnuiking ceii-constutct us.inij hioconpa'ibft,, 
bitxkuradable poKnKT nsatncc^.. which can vMUistand repeated stress and stiam ioi use a.s hcAu 
vaivcs or heart valve ieaOels. The nticthod is an improvement over tlae prior ail. using the 
recipient or an animal as the initial bioreactor lo a form fibrous tissue-polymcric constructs 
which can be seeded withotlvwi cells and implanted, 
(b) Rejectioos Under 35 U.S.C. § 103(a) 

The legal StaMard 

The US. Patent and Trademark Office has the burden under 35 U.S.C. § 103 to estabhsh 
a pf una facie case of obviousness. In re Warmr ef a/, . 379 F.2d 1 01 1 , 1 54 U .S.P.Q. 1 73. 1 77 
a (' P \ i%7,; A, r2d 10-71, 1D74. 5 ll,S.P Q.2d 1596, 1598-99 (Fed Cir 1988). 
! o :;siabhsh j prima tacic case of ob\ lousncss. three baste criteria must be met. First, there must 
be some suggestion or motivation, either in the references themselves or in the knowledge 
generally avatlablc to one of ordinary skill in the art, to modify the i-eferencc or to combine 
reference teachings. Second, there must be a reasonable expectation of success. Finally, the prior 
fejoiViKe {,y tLr.-cnces when combined) must ler.^ > ■ s.w -est all Jie claim limUaiior.s The 
tk-achifu, suyocstioii to make the cianncd combination and the reasonable expectation of 
^iiccess must both he found in the prior art and not based on applicant's disclosure. In rc Vm ck, 
m F.2d 488. 20 USPQ2d 143H (Fed. Cir. 1991). 

Claims tor an \u\ c^itiuti ase not prima facie obvious if the primary references do not 
MiiiL'esi ail tiomonis ui \hc ^Lnmed in\cnt{on and the prioi art docs not sfiggct-t the niodincalions 
Vvdi aii]d 01 ;ng the prnnary reteiencey into confonmty with the apphcatiuii tJanns In i c 
Ff HJi, 1^ 1 1 R P (i 111 1 7gO (Fed. Cn-. 1 992). In n La-.kowski. 871 r.2d 1 1 5 (Fed. Ck. 19S9) 

(57RS5.6«ec.i! 
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ThLs is not possible when the claimed invention achieves more ihan what any or all of the prior 
an ivicr'jnt.(,*s aUc-cdi\ -.UL'gcst. I'xpressly or b> reasonable implication, 

it is v-lcur thai lo eNtabli-;h a rejection under 35 U.S.C, i;I03 the cited referenees nnm i I i 
rec'te each clemeai of the claims. (2) provide one of skill in the an with the mutiviition to modify 
the cited reference and (3) provide one of ordinary skill in the art with a reasonable expectation 
of success, 

Sparks describes a die into which is placed a Dacron mesh secured lo a stainlc.'^s steel 
supporting ring fsee column 5, lines 18-24). The die consists of a tube and mandrel (col. 3. linos 
J9-3 ] }. The die may be seeded ulth ceils to make special parts, periosteal cells being u&ed to 
make bone and epii!K'lj<il cell^ being u.sed to make epithcHal tissue (abstract). Figmes 6-12 
iliustrate s die for growing a tricuspid heart vaive. Sparks further discloses that natural body 
processes produce the necessary connective tissue to fiU the die cavity and form the viih e graft 
fsee column 2. lines 27-32 and column 5. lines 32-36). 

Mikos 

\5 i-os oi^close^ Noc;\fr. jiib'o - T-n.- po^smof membranes picpiued by dispersing salt 
paiucL'ri .li a bioconipatihie po])mer solution. Mikos di;K'io5cs that a three dimemional stiueture 
can be manufiietured from the membranes. The resulting three-dimensional foam or shape is a 
porous, biocomiXitible matrix to which cultured cells can attach and proliferate, and can be used 
for tn-gan transplant or reconstructive surgery (Mikos, column 3. lines 25-45 ). 
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Griffith 

Gnt'liili Ji-ch^sc-j a ^-fll-poismcric solution \\l)ich h injected into an animal when, ihe 
pol>'nier ciXKssimks lo lorm a poiynieric indroyc" c^jitamin^ dispelled ccli.-; and tUc .elis ionn 
new tissue in the aninial, 'J he hydroge! soluiioii containing the cells can be injected direct!}" into 
a patient where il hardens into a matrix having cells dispersed iherdn, or the hydrogel is poiired 
into a moid having a desired aiiatomical shape, then hardened, which can be implanted into a 
patient {( is if nth, column 1. lines 42-61)- 

Jauregui discloses an implantable prosthetic device made orbiocorapatihic poh snci and 
ha\'ing a substantially continuou!? layer oi^ autologous Uving cells attached via oHgosaccharide- 
Ijectiii fecognititetii 1 inkages (abstract), 

Tang discloses loialiy or partialiy bioabsorbabie devices capabic of degrading into 
biologically innocuous components. 
Anafysis 

Claims 1 -5 and 8-15 are not obvious over Sparks in view of N'fikos or Gnlllth and in 

view ofiaaregui or Tang. 
Clams 1. 2, 4 and 5 

The claims defiiK a method of making a cell-matrix construct for use as a heart valve or 
heart Icalletcompriiiing implanting into an animal a cell-matrix construct comprising 
a ub^cui. mdUi K in ilu- shupc of a heart valve or heart valve leaflet, 
whcieui the matrix is foraicd ofa biocompatible, biodegradable polymer 
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having seeded Iherem cells selected fTom the group consisting of endothelial cell, 
myilbroblasts, skeletal, vascular smooth muscle cells, myocytes, fibromyoblasls and ectodermal 

wherein the coli-mairix construct can xsitiistand repeated stress afid strain {ck\im 1 ), 
Claim 2 recites the added limitation that the nialrix is seeded with dissociated parenchymal or 
connective tissue cells. 

The tvil'rcnci.rf cUcd b> the !-\am{ncr do not recite ai! the eUiin-s limitations. Sparks does 
noi disclose a method for makmii cell-nuttrix conslrucis \o\ use as a hcari a ah o a? defined h> 
clahu I. Sparks does not disclose or buggcsl using a fibrous polymeric matrix in the shape of a 
heart valve or heart \ alve leaflet which is implantable. Sparks does not disclose how to make a 
cell-nuUTix construct which can withstand repeated stres,s and strain. None of the secondary 
references make up for these dcrtlciencics, 

Sparks; discusses a .stainless steel die (or growing a heart \alvc. A die cavit> is i'ouned 
between ilie outer and inner die members, and it is in this die cavity that the heart valve is yrown 
<see Sparks, column 5, lines 1 8-20). A mesh reinforcing member is placed in tiie cavity, and 
connective tissue entering the die cavity through perforations in the outer die member 
uncapsuhUes the mcsi} und eompLlcl>' fills the die cavity to form a heart valve \shich is .similar in 
shape 10 the mesh, I hiis d^e giali has a rigid circular base lira confaniing a steel ring (SparkiS, 
column 5, lines 32-40), It is clear from the disclosure in Sparks, that the method of forming the 
graft invokes implanting a stainless steel die in an animal, containing Dacron mesh for 
reinforcement. Therefore, a prima facie case of obviousness h&s not been established, since the 
releieixe.^ {v\heu i-.^niHined) do not teach or ^uyj;e^t I'^e Jd'j-- '-nii unions. 

fhi.' I- eontends that claim 1 does not preclude the use of additional structure 

including suppordng or frame%vt)rk for .sujjporting ihe fibrous matrix in keeping with the claimed 
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meihocl and the construct of Sparks, and thai one ofordinar) skill in the art would equate the 
llbitHKs matrix oi'tlie claim to be equivalent in structure and function to the Dacron mesh of 
Sparivs Alilx)U!ib. a i. lann iniist be given its hu).jde5t possible meaning, this interptettition must 
also be consistent with the speolic-ation (MPBP §21 1 1). C hum I recites a llbrous mixin^fonned 
of a biodegradable poiymer which is capable of assuming a three dimensional structure of a 
hcvirt valve of heart valve leaflet. Sparks discloses a non-biodegradabk mesh and stainless steel 
die. One skilled in the art would be led by this disclosure to not use a biodegradable material. In 
cunn-asi. appcllar.is^ speoification di-seiose^ nudliple examples dcmonstiatinL' ih.u the polyn)er^ 
themselves aie nit^lded iiiu) the three dimensional structures needed for the particular structure to 
be engineered and that they must degrade completely. Indeed, ati important feature is that the 
polymers must be in the shape of the implant to be made. See, for example, column 3, lines 10- 
24. fhe Dacrun mcsli cnipK\\ed in Sparks is used for reinforcement (please see Sparks, sec 
column 2. lines 9-10). A ekilicd aiiksan would recogni7e thai the IDacron mesh used in Sp.irks is 
not analogous in structure or function (U is used for reinforcement as opposed to a biodegradable 
ijcafibld shaping the implant while tlie cells grow, then disappearing; please see column 3, lines 
25-41 ofthe specification) with the fibrous matrix recited m tlie claims, 

Spatks di-ieJc^sc; thai uhen a ^zraft orepithcliai tissue is desired, the d;e mi,} be sci:di'J 
with epjihelud ced.s (colunni 4, lines 3- Iti). Spadvs also states that before implanting a hone ^^'aft 
die, it is seeded \\iili periosteal cells (column 4, lines 50-60), I he Hxaminer has inti^rpreted these 
disclosures lo mean that the cells are seeded in the Dacron mesh and this is therefore the same as 
seeding cells in a Ifhrous matrix. This is not accurate, however. Hven if this were the case, 
^paik- Jres n^^i d!sei<is(> seedint: the uraff !oi ke.;;^ ^.^]\e ^VLl■'■> cells SpaiK^ docMUK teach ihat 
the i!i■>ro^L^ natnx must be in the shape of a heart valve or heart leaflet. It is not clear how this 
can be accomplished using a Dacron mesh fitted in the space between the die members 4(1 and 
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42, shown m figure 7 ol" Sparks as 51 . Also, as noted above, Dacron mesh is not biodegradable, 
a charactei fMJc ii.qun M ^> claim 1 I he [^oard s atttnuon is re&pectfullj' drawn to Ihe claim 
language, uhk'i iOi^itos "a nicrhoJ ofmaknig a celi-matrix LonstJi'cf foi u-o .i*^ j .n^ \ 'K.> 
compiismg nnpioiitiug into an awnml a ccl!-fuatii\ cunvtruct compiisuig a tibious matiix in the 
hiiapc of a heart \ alvc or heart valve leaflet". 

Contrary to the Examiners' assertion. Sparks does not disclose a method for making a 
ceH-niatiK construa kn mso a hcau \aj\e that invoKcs .mplantrn' mto an aiMtnai atlbjous 
m&Ui\ ioimcd i-)f a poKmcr matii\ vha ha.-, bcui seeded uj h spccitk selLLtcd (.e!h^ IIk^ 
Examiner cannot separate the fealurei> disclosed ui Sparkh 1 he leieieni^c mubt bt considered a^ 
a whole Sparks discloses a method of fonning a hemi valve graA that involves miplantmg a 
pexforated stainle^^s* steel die made up of two members (40 and 42), separated by a cavity within 
vvhich the Wihc \k fcu\K<^ h^ o\ loctive tissue enduing the die ca\itN Ihts ts m fact 
claimed m Sparks i he stainless bteel die essential to Ibiin ihc three dimensum.il ^(i tuu .v^ 
the heart valve (please se<, the Sparks, Figures 6-12). There is no smiilanly uhatL,oe\u bctuten 
the t\\o methods. The only similarity between Sparks and the claims its the name of the rLSuitant 
pK.duci There is no similarity in the process of making, or the materials used, theicfore it is 
cxpccied that tliere would i.o sun hir p'n propciiie<^ I uithei. SparLs docs not disclose 
seeding an\ cells m val\ c giafts Spat ks us \ ei y elear w hen ccii seeding is required Sparks is 
hiient about seedmg eelis m valve grafts 

The Lxaminer has cited to Mtkos. alleging a disclosure by Vaeanti. ct al, 1 988, that the 
scafrold should mu^iic tlie natutal ti<isue counttrpait, and that Vacanti, et al. provides evidence 
thai bettci results arc obtained when the matn\ *u t implanted, prevasculanzed and fLt n 
seeded with select cclL attaching the relevant portion of Mikos (Mikos column 2, hues lo 44^ 
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Vacaiili, et al, J Pediatric Surgery 23{l);3-9 (1988) rVacaiiti r\ a copy of which k 
aliached to the evidence appendix) discloses call transplantation by a method vvtiich includes 
aitjjchinsicell pKp.iT-ition^ lo hicxTodiblc artificial poivnicrs in cell culture, and then implanting 
ihis pu!> n!cr-ce!l scaJVuki into animals, Vacanti 1 discloses a method that allows implantation of 
[argi; numbers of ceils (see Vacanii 1 , page 7, right column). Vacaiili 1 is not concerned with 
making tissue i>rafls. or heart valves, and docs not disclose or suggest how they can be made to 
withstaiKl sticss and strain. It is not clear what Mikos means by ''better results" cited by the 
i:Naminer; however, -^ince Mikos is iefl-iring tu Vacanti. the "betier rcisulb" obtained arc not 
concerned with a graft that can withstand repeated streiss and strain, since Vacanti is only 
concerned with enhancing viability of large numbers oftransplanted cells seeded onto a fibrous 
support .structure (a gauze). 1'his! is supported by a lecture presented by the same author 
(Viioanti. Bcy,-,nd TramphmtaiUm. 123:5459 (1988) ("Vacanti 2'^ a copy of which h aiiached to 
the fc\ idence appendix), cited by N'likos in the column !o wlvxh ihc l\ammer referred Vacanti 
2 discussed strides made in coll transpianiation, much of the discussion jnciudmg icsults h om 
the studies in Vacanti 1 . However, Vacanti 2 noted (on page 549, right coUran). ihat much work 
needed to be done, but the hope was that some day cellular chimeras would provide replacement 
ti.sfcuc for paiicnt:^ .is an aiierruuix e to organ transplantation as currently practiced M ts clear 
frc>ni the discussion m Vaciuiti 1 and 2. that Vacanti 1 cannot make obvious tlu claimed method, 
which provides heart valves which can withstand repeated stress and strain. Noither Vacanti 
recogni/'es the problem whh somehow providing the cell matrix with mechanical properties such 
as strength. Ilexibiliiv, resistance to strain - feature.^ essential for a structure which will be 
(Opened, closed, and suhjeclod lo pressures omji ■.ccoiil!. o\'er\ hour, even d.i\-, e\<,j> njonth, 
c\ ei v vear m the individual's lite foliowing implantaljon. There are simply no conipurublc 
i.xjuijcmcnts v\hen it comes to a parenchymal tissue such as a liver or pancreas. 
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'I he bxaiiiner also asserts that the malerials used by Appellants aic well known and 
MUH- n cqu ^ <t ljiiI^ ul i uvh\ h\ laufcgui or lung, siatine that I jn^ teacht. , tSiii bioicsoibabk 
JiuutTn'K d ci.ticaj ijiL t!i J ihncf tun ot dt-vsccs i5\ed +oj u<?^ue re^onci.jtjon ! hu !ssu^ lion 
is nt!t mciely using intulLgi idablc inaleiiaK to m.ikc heait vahos i hat bu-deiijaJablc matenaLs 
can be used m tissue engineering is know'n in the art as correcth' stated by the Examin^^r. Also, 
that these polymers can be molded to mimic the shape oftlie tissue to be engineered is also 
>ro\sn m the ..^ ! ! iouos m.jking a siiucture with the iequit>nc nKxhanicai physical and 
n-icchisnscal propeities nccessaij lor biological Junction ha>^ been the dial lorj:^' 

Uk clmnih do not mcrcl> define a method that can be accomplished b) i^ubbUiLUi ig inc 
j)aonm Vle^h in the stamiess stet^i die of Sparks, with the biod<;gradabk materials dissclosed in 
Jamcgui or fang, or the use of tl^e materials disclosed in Jauregui or fang shaped into a three 
.{iPiPUMon.ii stiuuuie siiyecsteJ S\ Oti(T'h . )r M\\, s C hum 1 jcquires the teil-matux bL 
able 10 v\UhsunKl lepeatcd siies^ and slnun fhis critical hnuialion of a claim lo a construct 
uhieh is lo be used lo replace a heart valve or heait leaflet, structure which must open and close 
hundieds oJ tjmes tver} hour, thousands of times every day, for > ears. 

Accordmg lo the Exaraincr\s assertion, the device of Sparks as modified would 
inivreinj^ ,ios,oss \ le pu)peUK<- thatuui'id Lap.^-'Io c f AMthstandiiiy LSthi stic-v^ct- and 
stiams, ^jjKc Lne \ ji\ c dositncd lo iunction as a replacement oi a natural vai\e i Ik ^,\anlincl 
must proA'ide a technical reason for a conclusion of inherency According to the MPEP ^21U 

1 0 establish inherency, the extrinsic evidence 'must make clear that the missing descripthe 
mattoi js nec*.ssarih pi 'sent m the thing described in the refeience, and that it would be so 
fccogm/edb\ pcisons >. 1 oidinan skill inhc In ^> u n as not he establiOi«.J b> 
piobabiinics oi possihilitiLs The mete fact i \a\ a ecuam ilimu aia\ icsaa .lom a given %ct .1 
cncunisUmcos is not sufficient " hi rt- (iahei /.stw, 1 69 I 3d 7 43. 745. 49 I fSPQ2d 1 94*^>, 1 950-5 1 

mmmmm 
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{bed. Cir, 1999) (citations omtlied)". As demonstrated by Shinoka. et al, Oratlaiiofh 94(9 
Suppl):II 1 64-8 (1996) C'Shinoka 1"; abstract attached to lividence Appendix), the property of 
\Mib-.tcnKi!fig ^-(tos.s and sluun is not inherent m b'cdc^iaduh^i: polMU'jis. thcitiioic a ivcrc 
disclosiijc thdt .'I biodegradable polymer can be used for ti.ssue engineering cannot make ob\ioitii 
ihe claimed method and cell-construct. Moreover, it is not clear to the Appellants what 
modification the lixaininer is referring to. If the Examiner is referring io the Dacron mesh, there 

no disclosui-e in Sparks or any reason for a skilled artisan to conclude from Sparks, that the 
Dactpn nicsh SLtded witii tells w'nh ha\c ihc n.ccv'?sjr> sirengJh and ilcKibtlii) L-nd be abk i<> 
\viiii',tand repeated stress and strain. None oi^he cited references disclose that ihc biodegradable 
poivnier^s necessarily possess the ability to withsland repeated stress and strahi or how to adapt 
these polymers lo have the requisite property. In fact. Sliinoka 1 demonstrates this point. 

J hoie is no motivation to combine these references as the Examiner has done, nor would 
one skilled in the .lU h.nc a K-a<^on<.ihle expectation of success if one did ^o. based on the art, to 
} ie!d d btructurc wl^ich can withstand repeated stress and strain. For example. Sparks describes 
dies ctimaining stainless stcei,, screws, and plates (see column 5. Hues 18-31). litis is complelely 
dffjereni from the formation oftissue by injecting a cell-polymeric sotution that gels in vivo 
a'irifiitJi ). .-Vs sEated by die l-:xarainer. Griflnii teaches (hat the degradable template may be 
shaped or formed prit>f to inipiantation imo the paiient, and as such a eombiiiauoji i^'GriillUi 
with Sparks would be impossible. Sparks needs the die to be implanted in order lo .shape ihe 
heart valve, Grinilh teaches the implantation of a degradable hydrogel template with essentially 
no deiined shape or sti-ucture and minimal mechanical properties. Not only is there no 
niolivaiijn h< corM->hu.\ iiiere \\nuk! t-'C r..^ re'u-nable expectation of suc'css ii ctne did so. 

^hko^ djscloses preparing bioct.>mpatible porous po!}'nier membranes by dispersing 
particles in a biocompatible polymer solmion. There would be no motivation for one of ordinary 



<iki] \ m tlif art to replace the Dacron mesh with an absorbable matrix as taught by Mikos or 
Grillith. nor would one have a reasonable expcctatioti that one could raake a strong, llexible 
structure thai eo.ik! runclion has a heart \aKc or IcaPel. 

iauiegiu distiusos giowing cells on a device that is to be implanted. Jauregui doe.s not 
disclose seeding eells into a fibrous cell structure which is eventually replaced by the cells. 
Jaiiregiii dots not lead one skilied in the art to make a consti-uet that is strong, flexible and useful 
as a heart \ <v\ e A skiik'd arttsun would not be motivated to combine iauregui and Sparks to 
ijrrive at the ehtuncci nu'lhoJ and con^ti net, nuid\ Ion-- h.ix v a leasonablc expectation of success. 
According to the MPIJ* ^2(43.0! "I he nterc taei ilwt reierencet; can be combined or modified 
doe.s not reiuier the resiiUant conibimtion obviotis unless the prior art also sugge<:ts the 
ilesiirabiiity of the coihbinatioii'". 

Ciiiin} 3 

CWim 2 ii> depondent or claim 1 and i-equires the added limitation that tlic matrix i^ ilr.st 
cultured at a site in a patient prior to being transplanted to a second site, hpurks does not 
disclose or suggest a method of making a cell-matrix construct for use as a heart valve 
comprising implantittg into an animal a cell-matrix construct as recited in claim 1 , which is tirsi 
uihurcd at d first sire in a patient prior to being transplanted to a second site None of Mikos or 
Griintii v>r .lauregtit makes up for this deOciency. The references alone or in combination do not 
recite all the elements of claim 3, and cannot make the claim obviotis. 

(iam 8: 

Claim is dependent on claim 1 , and recites tlic added limitation that tlie heart valve has 

nicchanicLii vhvnyiii, and tlo.xihility or pliability. As already discio^od. Sparks does noi disclose 
a method of making d heart valve as recited in claim I . such that the valve lias mcchamcal 
sirengih and ilexibility or pliability. The r-xamincr asserts that the newly formed heart tissue 

■no 7 1 .-.Wv f I ^ vn r Oi) 1 7 (CNJCV; 4 50; Dl V R l-.f 



would inhercnliy possess the strength. llexibihtyand'orpUabiliO oflhe tissue it istorepJacc. 
The i Aamniei La., prox iJed no technical leasonuig for this conclusion and the literature rebub 
such c<^i cUis].>n W ithout Sikh <s disi'.osjtc ' ^ SpatX ^ it would appvj- that the S x'unmer is 
coJKludiny thdt because the t'fali is uitended to lepiaee heart valve, it uould have all tJie 
characterislies of a heart valve. Please see Shinoka et al. Ami Thome Surg., 60(5 SuppI)- S5 1 3-6 
(1995) ("Shinoka 2", a copy of abstract attached to Evidence Appendix) which discussed die 
di-,..<i\aji{ayi.<- ^.f \ d\\c icplaccrjcuts usuil; other materials such a-. biopTostheiics os nKchauical 
\al\es Liearh, the merL faci that an object is intended to jcplriLv ^ '>k>'(> ^k.i' stniLtusc iloc. nof 
inhereniiy confer to it the properties of that structure. The releien^es aione oi in combinauon do 
not iccite all the elements of claim 8, and cannot make the claim obvious. 
Claims 9 and J O 

Spaiks docs noi si >'<hsi oi disclose a method of making a ceM-matiix consuiict for use as 
a heart ^'ai^e, wherein the cell matrix construct is formed of the polymer selected, form the 
polymers listed in ciahns 9 and 10, wherein the cell-matrix consu-uct can withstand repeated 
stress and strain. As previously discussed, those polymers do not inherently possess the abilitv to 
v\ithsTand repeated stress and stiain (Sliinoka 1): Sparks does not contemplate making eet! 
^K>ns iih ts \\}]<\ th>. propat) ;ind none of Miko-. vH Grinuh or jauieynf < i ' pl. i laKc up foi th. > 
ticiiLiencs 1 he jclcicnces alono or m combniation do not jccite ail the v-lemtnts ol claims 9 and 
10, and cannot make the claims: obvious. 

Cimm n 

Cldm 1 1 IS dependent on claim 1 . and requires the added limitation that the cell-mairix 
consuuct contain interconnected poics Iv r ic ; !n..c orb.„V\.'ei ,\^pi.-Mj,.jtc;\ I()0 and 300 
niicrons Spai-ks docs not disclose a pore sszc range lor tJie poiymof matiix oi recognize tiie 
imporlancc of a '5jiiccilic pote si/c and docb not dlsclo,se the pose size range iccit«.d ni cJann 1 1 



for the production ol'lieait valves or valve leaflets. None of the secondaiy references make up 

ilr-^ dt- !k]Ciic\ . Flic i eio 50iKx\s alone or in eombination do not recite all the elements of 
claiiii 11. and cannot make the cbiin obvious. 
VkmtsaaiidiJ 

Sparks does not disclose or suggest a method for making a cell constiiici for use as a 
heart ^'dlve or valve leaflet wherein the construct can withstand repeated stress and strain, and 
\vh.Tein the conMriioi inehkic.s titoxMh factors as recited in ciaims 12 and 13. The references 
alone or in combination do not recite all the elements of cMni 12 and 13, and cannot make the 
ciaims obvious. 

None ol'thc reference.^, cither alone or in combination, disclose a raetliod of making a 
cdl-mainx cor.snurt for use as a hear! valve orvalve leaflet, wherein the construct can \vith.staiid 
repeated stress and strain and wherein the cell-matrix further comprises bioautis-c factors 
incorporated to between 1 and 30% by weight (please see the spccificaliou at column b. lines 4- 
1 3) Sparks is silent about adding bioactive factors. Mikos and Griffith do not disclose this 
dosage range, The references cannot make obvious claim 14, 

Claim 15 

Chnm \ ^ dcfmes die cell constuict of one of claims 1-14, Spaiks disclosej, a method 
of making heart valves or leaflets that would result in a cell consti-uct made of Dacron mesh 
encapsulated by connective tissue (Sparks, column 5, fines 32-40) in a stainless steel die. No 
disclosure of having tlcxibiiily or the necessary mechanical strength. This is veiy different from 
iho nm'.tiuctdcrmcd by am ofelaim^ i-'-' xsh'.'^ ^> ]v of a HSnni^ i)i<!Hl\ foiined ol a 
biotompanblc. bn^xiegiadable polsmer having tiic cells listed in cluim ! seeded therein, and 
wiuwii can widistaud icpcatcd stiess ami strain. Spatks does, noi contemplate making a constuict 

mmmmmi 
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that can withstand repeated stress md strain and does not disclose how to accomplish tliis. None 
orrvfikos or Griffith or Jauregiii or Jang makes up for this deticiency. Therefore claim 1 5 is not 

Qb\ iou.s o\cr (iic cited prior art. 
(8) Coijciusion 

The cited art does not disc!ose each claimed limitation, the motivation to combine as 
appellants have done, nor would they alone or in combination lead one skilled in the art to have a 
reasonable expectation thai such a combination would be useful as a heart value or leaflet, 
having the requisiie flexibiliiy and mechanical properties. 

Aiiowance ufclaims 1-5 and 8-15. is respectfully solicited. 



RespectfuJly submitted, 

/ Patrea L. Pabsi/ 
Patrea L. l:*abst 
Reg. No. 31,284 

Date; December 8. 2006 

PABST pxrm r groi.^p lip 

400 Colony Square. Suite 1200 

1201 Peaciitive Street 

Atlanta. Cleorgiu 30361 

(404)879-215! 

(404) 879-2160 (facsimile) 
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Claims Appesidix: ClairnS Ou ApP^al 

1 . A meliiod for making a celi-nialrix construct for use as a heart valve comprising 

iraplanling into an animal a cell-matrix construct comprising a fibrous matrix in tiie shape 
t'f .^ hean valve or heart va!\'e leadleL wherein the nialrix is formed of a biocompatible, 
biodegradable pol>incr having seeded tlicrcin cells selected from the group consisting of 
endothelial ceils, myofibroblasts, skeletal muscle cells, vascular smooth muscle cells, myocytes, 
fi bromyoblasts, and ectoderraai cells, wherein the cell-matrix construct can withstand repeated 
stress and strain. 

2. The method of claim 1 wherein the matrix is seeded with dissociated parenchymal or 
conneelive tissue cells. 

3. The method of claim 1 wherein the matrix is first cultured at a first site in a patient 
prior to being transplanted to a second site. 

4. 'j'hv' method ofclaim 1 wherein the matrix is in the form of a heart valve leaflet. 
5. 1"he method ofclaim i wherein the cell-matrix construct is .<;eeck(l with vascular 

smooth miKscie cells and endothelial cells and implanted to fornj a heart \ah/e. 

8. The method ofclaim 5 wherein the heart valve has mechanical strength, and flexibility 
or pliability, 

^> I hj ineihod of ciuun ! wKcinn the ecll-niairix construct is formed of a pohmcr 
.-.eleaed ti^ us ihc 'uoup con.sistmg of polyclaetide) (PLA), polyC glycol ic acid) (PGA). 
poly<lactjdf-ci»^gi>cohde> (^PLOA). pol\{capro lactone), polycarbonates, pulyamidcv 
polyanhydrides. polyamino acid.s. polyoilho esters, polyacetals, polycyanoacrylates. and 
degradablc pol\ urethanes. 
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It). The method of claim I wherein the celi-matrix construct is formed of a polymer 
stkrcicd fsom group consisting of polyacrylates, ethylene- vinyl acetate polymers, acy! 
suh^tUutod c.jliuiose acetatt-s. j-jon-eroJihie poJs urethaues. poiysl> rents, poiyvinyi chloiiJe, 
poh \ niyl nuonde, p..ly(v)nvl imidazole), chiorosulphonated polyolifias, poi>otiiylcne oxide, 
poly vinyl alcohol and ny ! on. 

1 1 . The method of claim I wherein the cell-matrix construct contains interconnected 
pores in the ranuc- orhot\NL-cn approKiittatcIv 100 and 300 microns. 

12. The method of claim 1 wlicivin the ccll-nuunx construct inchides i^rowth fcictors, 

13. The method of claim 12 whereni the growth factors arj selected from the group 
consisting of heparin binding growtli factor (hbgf)* transforming growth factor alpha or beta 
( TOF), alpha fibroblastic gro\\1h factor (l^^GF), epidermal growth factor (TGF), vasculai- 
ctKlothelium growth iactor ( VBGF). iusuiln. glucagon, estrogen, ner\''e growtli factor (NGF) and 
juusclc morphogenic Iactor (MMP). 

14. The method of claim I wherein the celj-matrix further coiuprises hioaetive factors 
incorporated to between one and 30% by weight. 

15. The cell-matrix construct of any one of claims 1-14. 

!6. A cell-iuatriK con.siiud for use at, :i hcait \'a!vc or heart \'a!ve leallet comprising 
a Hbruus pc»!ymeric matrix in the shape of a heart valve or heart valve leaflet, \slieiein the 
matrix is formed of a biocompatible, biodegradable polymer having seeded thereon cclLs 
comprisiTig myofibroblasts grown lo confluence and then endothelial cells seeded thereon. 

1 7. ] he ccil-matrix construct of claim 1 6 wherein the cell-matrix constiuct can withstand 
repeated stress and strain. 
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Eyidijinee Appendix 
Evidence .submitted with ilio '\mciiUmenl and Response 11 led on Ocnober 3. 2005 

Shinjka, ei a! ( -'rcul-Mion, ^)4('J Supp[V.in64-f^ (19%) 

SiiinoU. ol a[. Ami Tlianit Siif\i>.. 60(6 SuppJ):S5lj-6 ( 1Q95) 
Reference submitted with tlie information disclosure statement filed on February 19, 2004 and 
ruiied upon by the Lixammer in the office action mailed on June 8, 2006. 

\'-ac;mU. oi n!,. J, Pcdianic SLugery 23( l);3-9 (1988). 
Ket'ea'iiL'fc.* suNiutted uith the nifonnauon disclosure statement ttled on Februan- 19, 2004 

Vacant], Beyond Tntmplamadon. 123:5459(19^8) 
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Tissiie-engiiieered heart valves. Autologous valve leaflet 
^ eplaceiiien^ study in a Issmb model. 

Shinoka I. 'Ma !*\ '^hnm \ \u\ i). Brcucr Civ, Cusick RA, Zund 
Uui|?er R, Vnciuiti M\ Ma} cr ,)E Jr. 

Dopaiunent of Cardiovascular Surgery. Chiidren's Uaspila!, Bosloi!, M.in-^ 

USA. 

P'\{ K( iR()l TNI) W c have rieviouslv jcportcd Ihc suecevsful oj cation o' 
<!->Mic-oiVJincLicd \<'J\c lofiileis and the i nplant-ni<"ij ufiht'^c ,\ !to\. 
li-,suc ieai.^ci^ in the puluionai} \ahc poj^iuon -^lucK les i ^ 
(i'Qcc cultured cells that were seeded onto a biodegradabje polvnuT \ml1i ib.o 
use of a lJ'-dioctadecyl-3,3.3' 3'-tetnimctIiyhiido-carbocyanine pcrehlouto 
(Di-1) celi-labeling method. We afso examined ihe rime-related 
b!oehomK\J, biouKxiumcal. cind hi.stoioL'iea' chmaelcristics and c\okuiO!) 
ultl.>e!i .n,>oohSiaJ \n UK 1)^ \N[)K! SI I TS' MixoJ cell 
popiiiatinns ol eiKiolhchal cells and fibiohiasus uese isobtcd ftoni e\plautcJ 
ovine artcncs. Endothelial cells uerc sclecliveis lahc!c<i \s :t i an k lal 
low deiiMty iipopjotciii UKuker and .^.rparatcd fioui fllnoiij.i-^.s \^ isii is. 
of a riuorescence-acttviitcdeel! .sorter, A synthciic bunieuradaple scrutoSu 
consisting of polyglyeolic acid iibers was jscedcd !hst ^^'Uii n,)u>hkK>.ts. then 
coaled n'!lh eudoilKMiui cells \ .snig liKsc inelhous wc mipiaiUod 
aotologous cen/polynier constructs in six animals. In two additional coniroi 
aninnK « ltan.,t U v\ s n i>i ml., i \ Ulu ui pi j n . .lU^^duiu h) 
each afumal. i,ardiopnlnioifat\ bypa'-s was used lO ctunpici !\ .'sll. ih; 
rLxht pCKsierior leaflet of the puhnvmary valve asid iepktcc if ismi an 
^ni^incfied -alve leancl \Mih (n = 6) or uUhoiit (n > p'k t . Uufcd ' 
NLi Jni ^ 1 h: juimais were killed eiUici aftci 6 bours oi alies I . o. 7, 1 
-,j.'ks, and ibc jiuplanied vahe leaflets wore examined histologicalh . 
huudieraicalls . and bl<niiecbamcally 4'ilydioxypiohne cussay. \sere 
perUa 0-100 to detein\!ne collagen cunieni [.caOet stienutb was evaluat«.d w 
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ns^m^ engiacej lin« heaN \ alves* valve kaflet re|itacenicai n^^k ^ 

^ i Bicutr C K 'i.mtl RIs /unci Mu££» L \U P\, ? ,tn<^f. \ 

i^vpai iiAci iorC\udio\a-,tifiai Smgeiv Clukhen's i UispiU^I BosiOu \i ^ 

02115. USA.. 

B \( KCjROI isD \ iK.. aph. L u-vumothcf hii>puistlictK oi 
iiRLtiaiiii ai >aht;s luuo the disath am igt thtH thesv stiuutii.ts ut. i naW^^ 
S-fo\v, icpau <n jcmodei and aje bulb thioinboycniv, and su^ct-pupk lo 
tndcDt^n Mice chaiactenstt^s lia^i. ^^ynilk jnth hi-iuod .iKt 'jiu bili 
anu I in ^ ft^ ii< iikmpt i ) k< ! ] lo >\ u tm -^^ > n.^ nui 
In (. I t<v< Lit k ibi' o! .-uns idLun* htajU il ktlLtsnhnib I 
v.dinL is nti tiK poh "bLiiiff a^ju hbt,' inatt !\ in \ luo *\ hit 'ibio i| iMs 
.'Jl' nd'HiiJuil c.Hs Mi [iK^ns ^ii^-dccIj populalionM>( (.ndoibLiia 
cJis and ithiobiaits \\>m« i-oi tkd liom cxplaiitcJ o\ tnc au^nos L u oil .i! 
<Llb \\uo ^ckaj\ci\ nnekd •\\f((um ill \ \h ct k ^' c^n 1\ ! n in \ 
iiiutkti and sepaiutLci lioiu ihu. fif> i ism^ > \ ui v^n it!\u 1 

nth.il ! )d,f^n ihl( lhkn>v^<u. , iioM p i 1 Ji 
"■'^l'^* ' ^ i' b} -.u \ hicu ^iLu M jt>!jn tis Uko 

' ' 'i^U. hiunoi IS a » o ilinj afound die k<xllL\ \ stuL ibi,s^ 
5 ' io . ultcloguus Ui .^fid aiiot'cnic ( n I) us^uc iMi^sncoicd 
-i'L s ^ !( nipianit'd in lH mais la each animii Uk njn po^tett^i 
K <iiii.t . } ih pulmonai x^Kl <wis te-c«.Led .fiid rep!ai.L i tij n ..h r »x ui 
\ lb 'niluRlSSn^ \n itiimais MUsUuJ (he pu)L^ I u I. [ i m . 
Jic L tdio 'ianbx dunuustf ^ td no f KtenLC o! •-Icno !\ >nd u m ] 
f i' » in us icui^ilauoii 'n Uk lufMai itid nion. ik k' n it n t i 
i^t d ( t. ll '^^11 umKkin ill i. f! tsnU h^\'^>^ntw^ hi s 
an L u uv luj.ii 'isatit^ tliKlelotiR aiu ition td t'lw coii->hiiLi^ dv,i!H n i u 
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'Migiuccungol i-\ huiri \dl\c leaiki is Icasibl"-, aud these pit.[inunaf> stuuic.^ 
suggest that autograft lissuL* wilt probahl} he superior to alkigofuc (issui, 
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Seiectiive Cell TransplanhUion Using Bioabsorbable Artiflcssl 
Polymers as Matrices 

By Joseph p. Vacanii, Martin A. Morse, W. Mark Saltaman, Atjrafiam J. Domb, 
Antonio Perez-Atayd&i and Robert Langer 
Boston m<i Cambridge, Msssaohvsstts^ 



* To fiats, seiectiwe o«n trsasplarttationi has involvsrf 
injscttng ceM susptsnsions intd tiseuss or tKa vascular 
avBtem . This study describes attaching cetf preparations to 

lfiunr'u<i<j!>ls j^rtiriciii! polymers m c&U culture w\<S th<$n 
>mpiai>tjfig this poivfTjBr'ce!! scaffold into aniirnais. Using 
Kt-Jiidarti techniijueii of cttil hsrvoat. singie caHs and clus- 
tots o^ jsta! flfui adult tat aniJ mouse iiftpatocytes, pan- 
Cfeatic fielis, find ar!!«il it»t«sitriel ctjils have btien 

Sijerferf onto biotieqradHbJa poiymers of ^olyg'sctin 910. ■ 
poiyantiyfirftla';, unci polyorthooster. Sixty-five f$>tusosand 
14 adult ammaSs served as donors. One hundred fffteen 
pofysner soaffofds were impianted into 70 rt»cipi»nt ani- 
mali>: 66 seedsd with hepatocytss: 23 with intestittB) ceils 
and ciustors; and 3S with pancreatic isfftt preparations. 
The calls refisainssd vt-abla In cuftisre, and in the case of fatal 
ffitestifJti Add fetiif }iap£ftocyte«, appeared td {>ro<if«r«te 
whdo Oft tho poiyfTier. Aftar four days in culture, the 
csli-polyiTier scaffe?ds were implanted into ho«t animals, • 
BithBr in of!iant«m, tiie interscapular f«t pDd. or th© 
wsssntery, in thres cssets of fetal intestins! implantstiDn 
coupled with partial hepftteciomy, socc»«sfuf engraftrwent 
Qcetirrsd in th& ementuw, one fofming a visibie 6.0 mm 
cyat. Three cases of hopstocyto impLirxuiioii. (>m« ubing 
Rdolt ceiis and two using fete) csilsj, fiaw .-jtio iingraftud, 
showing viability of i^spatacytea. rnitotic figures, and vas- 
culBrizatfon of the c&ii maan. To date, no pencreatic islets 
have survived injplsiitatfort. Tilis tnotlvad of ceil trsjnspian- ' 
taiion, which we tiavo termeci "cliimsric Haomorphogens- . 
sis/' is alternative to current methods ^ntt re<:(ujre$ 
further SHJdy, 
WBSby Grune & Stfattoii, iiin. 

INDEX WORDS: Trsnsplaotatitwn; cell eulttire; fetal c«a 

trawsplffmBtion. 

SELECTIVEceli transpianttttion of only those par- 
ciiGijymsl elements necessa ry to replacfe lost funCr 
lion has been stsdied a$ an aUernative to whole or 
partial organ fransplaftiatiofiJ In the past, colis have 
been harvested dispersed into a suspension, and then 
innocuktcd into varjous tissues. We repoi i attaciiing 
parenchymal cells from liver, inte.«ine, and pancreas 
oflto biocrodable artificial poiymers and then iinpltint- 
jng Ihest; polyiner-ceil scaffolds into auimuls as a novel 
jtiethod of ocl) tran,splatwatiari. 

MAT£f*fALS AMD METHODS 

Pohmefs 

I ,jree '.ittltietit, Jbiorbiok piJ>«.t,r\ h L«^l vv^A " j fabric \ti- 
{({amcrb ifitJ vi»cs .ji [juifiut^ for uMi 'itacfimiiu grunth 
(np.wutfO!i{l'alt 

Poh^h<.Un Tln\ poiime^ w,i (]i.\i.ii>p>.d a<; iSjiO-bdblt -cfn 
tfictw; mure maienal; ft ss a. fO-iO cojiotvmcf «r Bl>'«'i'<*<j 



Jiictidcand is produced as Vicrvi braidt-d :!b;,i)rb.!fafi; iJLufc (Eiinaiii 
€((, Sonicmiie, NJ;." 

Po!yorlli(iiu;Ur\ Tiic ijx.v)jk i.raiymc.- Uhii was .■1,<)-bisfe;tliy!- 
idene-2,4,8.iO.{clraoxa';pir'jf5.5J) undccarje capoiyjiicr « it,li trans- 
K-i-cyck)tic)(aiic<J)n!tShaiiQi and l,6-l3Cxaiidii}i in a molu r^ino , 
tcsjscciiveiy (SRi, CA): 

Palyankytln'iic- The .specific polymer used wa.s a pni van hydride 
orbis( l.4-c-4rl»xyph6itcisy) pttipaisc and seljacic acid. It is bitjcom- 
patiWc apd has been used estensivciy in dnip dslivery applica- 

Polymer Configuration 

Sm^^ ~. ..i ;:.■>< ; rnjiyanfiytirids.'iand polvonhoes- 

tcrs were i";4br)e;it«l wiiiiif. oni- of th*.- frtUoiVftig methods, 

Saivem ^ttitittg- A wtution of the rio!)n.icr (\0% in tneshylctic 
i^Ioride) wasc'isioas braacliingpatterrreiK'fslT'ttcturc asadtsc iO 
mm 5n diameter for 1<5 imnuiss ut ;5''C isdr.g a Carvfi- priiss. After 
wSvcHt cv.^por.;ll^•^), 11 film 0 > in thicknc.;. wiih aa c(ij!ra\cd 
branching pastern on .t=. surface was obtained. 

Co»>/>r.Mnb« maiding. One hundred mg of the polymer was 
pressed (30,0fX> pa] iitto ri isranohing piiU^rn rciici siriiOtu.-e 10 mm 
in diaBicter.fl.Smm di$cs wete obwinsd. 

fiiament drawing, Filanwais wore drawn from the mAim 
palymer (3^ iaxt rn diameter}. SnjalJ fiatiened f .0 c«k iufts were used 
for the experirosnts. 

Foly^lactiP. 9!0. MuUiplc fibers of 30- tt) coprHynier of glycnSide 
and Iacti(lec«tivcr,S[iHe lo a cominon tisie won: fabriiiojied from iioture 
ffiaieriat tsf 0-Vicrjl bv fraying tJj« i>raiderf ond of ths poiyiner f j'-i^^ 
2). Tijesc branching Strcr civsuxa were approxirnaiely }.i> «n in 
heij'hr Jhe individaaliibrils vfcrc 30 ia dianwtcr; 

Animals 

Vt>!!iii: .uli^il .I'Xi K-l!il SjlKijiUi.- f).;ttk-j r.its MuK'Sr -6 f.nav 
(Chafks R ivcr i.,ib,, \Viifti.j)£t"n, M \> wcri,- .li lioju-r.-, lor 
af! experimsnts. The animals were iioustd iridividusllv, dilotsed 
aeaess la Jbod and waler nd IOk and Hjaintamed at J 3 hour fiijht and 
dark intcrvaJs. Anestlsesia was ofetaiaed with an isiraperttohcal 
injection of pcniobafbiia! (Abbott Late. North Chicago. IL) at a 
dose of (1.05 «ig/g and supplt mexited witii msthoxyfiurane (Pitiiian- 



iltispM afid thtHarvwd Medical SfMaotyBosumi and Shf- D«pan~ 
ment of Applied Bhdtfgtcal Sciences, Massachuxeits InsSituie of 
Te-L-iinofogy. Otnihi-idgs;. 
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6-9. }<m. 

Adufi.,.'. n{<rint !<:i,u^itj lu .'Oi<:ph f V.uwiti. MD, Tlh- C/sil- 
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in ihi uiissg staoic l«ciii)iqa«. The «tmmfw bik dues was 

^ I' (1 I 'J tie ria»usai> vixual'S-cd Tw j^iinj-i hill miilsUlrr of 
; ivp-- II colt-xgcfijue was infusrai inio the pancccas by injeetiw 
in I .J t ii<; iMmmon bUc dttO usisi^ ihc l<K^lini<)«t ikscribcd by Oouril cl 
as.' ASu;r live >n«li.t«s, ihe pancreas was trausfcrf cti toa iterite hood 
Jur ibiet ccJi iwiiaijWf. BricHy, the iis.Mjew.is piaced into a t-icoiJ 



the inlcrscapubr fat paci; f,!! ihi- om>:fin!fii, jiid IT, o,^ Unvel 
inssciuei-j {Fig J); 

Mow animaU underwcru a p;irfi;\! hcpiitccl.imy Ki M!,r.tij;:if leil 
gTOWlU Anfmsls were SJCriJiced al ila> j, tir 14 :r;el <}\^' liripljr.ls 
w«rt exasaineti bitioloeicaUy wilb ixinatoxyttst aiul c«\«;!», Potyrn«js 
wilhum t-clis Mrvcf) us eontiob. IMymei cell scalToUis, were a^uuv 




f-iQ 3. Hepatocyius atvachwd to fibora of potygtactin 910 ahai 
four (lays in aultuie. Ceils vsty from hoslthy to degenerated «rid 



med htsto)u$Et;<t)i> after four days in cistiurc soft before implaajstioi) 
to a&scss <;eit stischniens And viability. 

RESULTS 

Seventy-nine ;i,nimaK, including 14 adults and 65 
feuiscs.. were used as dorwrs for ceil iuirvesi; !i5 
polymer saifujlds were prcpmed for idipiantnlion. 
S'Xty-s!X yf ihc>,c ivnfiolds were seeded with ficpaio- 
c\ies., a V, sth itUcsnnat w\k :!nd citisters, ar.d 26 wiih 
pancreatic isJels anti cdi prcpur.itiotss. implantation 
wciR pcrforined in 70 recipient aniniais. Fifty-eight 
were kiiJcd at seven days fvv histologic examination of 
iht: implant wljiie three sverc cvmimxi at ihrcc davi., 
jnd nine jt M das,'. aHcnfnpl.ua.aum 

{:ell viabi!lt> uo the polymer scatTold ,U 3 to 4 days 
in cuiUiK' v^iDcd With tlic type of polymer tnaierial 
used, Lcs.s> ihan liY'r of the cells were viable on the 
polyaaisydridc discs, whereas 80% of cells caUured on 
pulyorthoesier discij i\nd filanienis rcmitined viable, 
and over 90^-^ survived on polygiactin 910 (Fig 3). 

B!o(X! v essel ingruwtb was noted tiwee days after 
iniplantatjotj %viih ai! of the polymer types and eonfigu- 
raiiyn&. in iht implanted (ibcr networks, new blood 
vessels formed in the interstices between \hc polymer 
filamctits. The {wiymer discs showed capillary fortna- 
tiort irtunediately adjaceai to the polymer rrtatcriaj. 
I'liis aiigiogeniq response accompanied an inflamma- 
tory intihrate that displayed both an acute phase and a 
cbrtsnic foreign body read ion to the implanted poly- 
mersi. The intensity of infiammatbn varied ftith the 
polymer type tested: polyanhydridc elicited the most 
Sicverc aciite and chronic response although the inflam- 
mation surroanding branching fibers of cither polyor- 
thoester or polyglactin appc^ired propofiion;iici) 
greater than !iie disc configuration because of the 
greater surface area of exposed foreign material to 
host. 

H}btofogtce^:a)3jination of liver cell iniplatits in three 



S 

animals showed evidt-inrc of siscccijful efitirjt iincnt of 
hepalocvtes :H ?even davs. Sfi-iall citisierii of henithy 
app^v, , cov X;:c^ ■-'■■^■■c seen witli biic CKUiIiculs 
betN'.i.e' .-Si. irenihrancs. and some •jfOjK-, 

dciPio." '.,^i(t.d ■,-iio:-c figures The cells were sur- 
io.:;iaed bv intlaniiivtlofj response ,ind bltvid vcs 
scis' ,,0'jried arotitic .iv.d ihm^h !he eeij eliisters, 
Pdvrci - ..tcr'al \sa^ seen im3-nedi,i5ei> udjacenl to 
thci;e!ts (Fig 4). 

•M.^eess'ul Ci,gr.:,f£ment of intcsiitial ceils and clus- 
ters v.i.re Mb^e^^'ed in three a;iiioals. Hts!olo;?jc find- 
ings s\e;e Miniia'- to ihe ijepatoeyte ooplaiits with one 
exception (figs "jA-C}. On grc-s cxnniinatjoti of (he 
impUn; -tcyn d,i>s, a cysUC slrueiurc ,ippro-> !it!L!!e^> 
6.0 nun m kr.yil 's '.I .si tlx; I'iipLoil Mtc (Fig 
5A) lull) pol^:r!e- I'v . s'ii:->cd ^Mthin it > vs i ii Micru- 
scopic exaniio u <■ r; ■.i.-.-A-w w.H-tii)'e'f-i!H,!(ed sou- - 
tinai cpithciiii' , 'i-'r-y. ibe ^u^h t.iin-.os ,j u! 

celltjlar debn- -MSnin itii- \ismcr, C>n • w;;!! (n thr ^ -.^i 
contained paivriet libers, blc-od vcsset>. JjhI ifiiijonii.i- 
tfiry cells unsrediateiy adjacent lu the tntesimnl eptibe- 
hii.ri (Fi^sSB) I'hc other wall included a iinf.i,ijl.ir 
coafmg that suggested that the polymer held a small 
minced piece of fei^d intestine as Ihe origin of ihc cy^t 
(hat evcntuaify developed The cyst displayed wdt- 
differciitiatcd iiuesttna! epithciium with mucous 
secreting cells (Fig 5C). Other clusters of iniestirial 
epitheh'um demonstrated active mitoses. 

No viable pancreaiie islets or other cell types were 
Sound in >Hi> of ihe pancreas implants tested. I-iowevcr, 
ail of (iic iinpiants ivere acaMtipanied by an inflamma- 
tory and angiogenic response similar to those noted 
with liver and intssttne. 

Control polymers irtipianted wiilioul prior cefi seed- 




Fig 4. Itfifjlaru of liopBtocytBS from Bduit rat doitor fsito 

days ba^ofe (fasth Hupstorytjs heiilthy' o'"! sttvsfai mitotic 
fidurss c«n be s«en. EKood V^sstiia ArO jj<tiaiin« iit t^e mass, Xo tha 
f«ft, »» inflsunmatory irifi)tral« in tho ar«a at the t>oIym«r is 




mtj eijcReti an angius^cntc .ir.ci iijfiimmatory response 
Similar lo their counte!p<u ls that had been scsxlcd wsth 
pjfet-iohima! cc!k ami .n.iinK!i!H-(i tii culture This 
Mjfgs-sicjl ihM ihc cells, irtctns.eives did aol pia^ a 
suajor role it) Jhe iiifiammatJOR and neovasculariraUon 
seen, 

DiSCUSSiON 

\i.sn> (ii^ca^e-) of tPe is\cr, snti's.iinr, ami pancreas 
a\,ih in )r<',>n i.jhirc. This century has seen the 
ilcM li'pj)). 1.1 .>r specific ph;mfla<»3logic therapy to 
fcplit.. i^>,f liiiaii.ii Insulin replacement for diabeies 
tneihuis is at) exartipie. 

f}."' an.'!pt.'ncL> of .ujjjit) transplantation arid the 
M-it5!L-c (if imnij(K'bj'>K>g\ h,.<; jili>wcd replacement of 
m.; 1 id'K-y no'tn. live-, and ^nhcr organs. However, as 
our .ititla\ to pcTKirni ilieic cymflex opstriiuorih Ims 
unpifv-cd, tl)c tinft; ttOfi', o' ihc tcctinologN h.jve 
LvviMfc nioii; CM'tcfit jnr c^^;mpL^ sn pediatric liver 
t! ii)spJ;=f!t Hum, rtomtr ^oaKStv hrs incifdscd more 
piist^ra:)!-, 'la^c uptiiie'.". f.inly a Mnall tuimbcroi dntMit, 
if-v. i\ ) labk in tlu u'HteJ Si t.^<; k.. SUO \o 3,000 
j)iMiK-n m livcr M iure and thu'.e children titat 
ur.iL'r^o t!an>pia-it A\cn ,ire often jt by the time a 
iu t.:r In iounti that the likelihood of success ts dimtn- 
ished The surgery ts cimipfex and usually associiiicd 




&. {AHPhoto^aph tif pelyrn«r'-f«t(ti {ntiiatiito: c«lt imftisnt 
snvttn (iays aft«»r it»plait<tttt<on) A 6iO mro cyst; i» ae^ft with pelymer 
fihms. sptayett wtehJR ftsMtiii; Blood v«33a)a smer iHb watt of thBcyst 
t \ ^ Ot, mi Crow eocttan of eyst in SA, IM tuminst wat) is linftd wi Sh 
jntMtrna] ^phlialiura. Ttia lumen contains caHuisr debris antj 
mucous. Th» whit» ovat Hfous to the left o* the luman rtiprosetit 
potymdr tibars. Th4y «f» surrounded by on (rtflammato.'y infiitrsts 
tmd now bload ve$$«!a, A )ay«r of sniooih niu3c{« imn be seoi^ to 4he 
right thft tuman. suggoMiog that tfiis ayat may hsue a'isao rrom a 
small i«»«inat fr»Bf»>ent (HemalPJiyiiiv and ©asm. onijfnat msgnifics- 
VOtti x t72i. (C) Close-up oF an nrea cl intsstmal apitheiium. Kote 
th^f th» c^tte retain tit«ir pA^irity and soma appear ta tia Sictcrat ncj 
mmmi, tiU(tg««ting ongoing spociciliziid funttiion iKan10tt»ty)>ii and 
«osin« original magnifiention, x740K 

with major blood ioss. The preservation tiirie ih short 
and, therefore, results in tnajoi logistical problems. En 
matching a di-vtaiit donor wah a recipient. For these 
reasons, the undertaking ii expensive and Jabor ttnen- 
stve, requiring a major invest meni of rcsourccf; ■^vM\• 
able only in tertiury care facilities. 

Selective cell transplantation of only thos>e paren- 
chymal element'? necessary to replace lost function has 
been proposed as an alternative to whole or partial 
organ transphunalion ' It has >ieverat .itlratiive fea- 
tures. It avoids iJUjOi ;>urg(fr} wiiii it:- attendant blaod 
loss, anesthetic diffictiltics. and cori-plicatioiii.. it 
replaces only those cells that supply the needed func- 
tion and, therefore, probleniis with passenjier leuko- 
cytes, antigen presenting cells, and other cell types 
which may promote the rejection process are avoided. 
Adding the techniques of cell culture provider another 
set of tools to aid in the transplantation proce<!b. The 
abihtj to expand cell numbers with p.oiiteratnm < f 
cclU i t cuUu'c iiUiws jytotransplaotalion one's own 
t!s.st!e Skin cquualents using contracted coluigen tat 
tictts and epidermLd cells have been described Inser- 
i ton of gCiie segments, and deletion of antigenic com- 
ponents while the cells are in cutiure i-s also jjossibie 
with ctsrrcnt technology. 

ls{e;t cell triinsplantation an cxporin>ental treat- 



SBECTJVE Ilia 7PANS?LA)«iAnON 



(Pent oi diabetes mcliitus is <irea ol current 
research Ah bough there is evidence of short-term 
iufiction. long-lerm results have been le:>s saiisfAot.>- 
ry Currently, whole organ pancreatic traaspknia 
ijori li the preferred repbcement Hep.3iocvte mjec 
twni into the ponal circuialion have been attempt c?d 'o 
s,upport hepatJc function. A recent novel approach m 
v,hi(.h hepatocvte^ were attacheo to collagcp i^ualeJ 
miorocarric beaas prior to ii^jectiotj mio t^c r,^i tLtti.. 
cavity denionstrjtcd succc^-l i' i>iip],ir[ xt on vt^bth' ^ 
of the imph.iuc! nopitocvtt,s and liitulion The 
.mtbor-. suggcMcd thai ce{{ aitachnient to a msMnx 
prior to impUniation was an impor1>itit component ol 
butcessful ijngraftmcntand function 

Our s'udtes of ivoiating parenchymal cells,, attjch- 
fti^ them £0 biod€Kj.Hiabic polymej' scaffolds m celi 
cuhitra. and jmpUmting iheni mlo hosts arc based on 
several bwiogtc observations 

il) Ever> Sflructutc in imng oniuicni in a 
dynamic state of equiiibniim. U unflergoes constant 
rcnevnl, lemodchng, and repkceiuent of functional 
.isiui rht; degree of change vanes frons organ to 
Oigan ,1 3c' -structure to UrLcture. 

(2! btructuial cells ifpiacai in ) dNsoiiated state, 
tend toward refommj: -tructurc I {,ur ub; ity to do so 
dependi. on the cmjionjren. tn uiiicn thev arc placed 
and the degree of {lUcitKii) xh<i\ i,i\c undergone 
FixampJe* include capi!lar\ ^'ndothvih tl ceil thjt form 
ifibis sn vitro under cctt m. ^-ond^tions and b'lc duct 
ceits Ih 5f form tubei. under tli pi >p(.r uituhhuns 
(3) Tts-ue c tntiot be implanted in volume** i 0 in 
0 uL beciuse t5utrit>o.i w imueo b\ tnt vu\ n ,! j 
di'Tustor distance i ntd atifeiogc i^i^iis occurs '* 

C eh 'ihjipti determined by c>!o-kc!clal cornno. 
ne^n^ and attac'ireni to jtuitru ph>s an import<>['t 
role in celi djxjsii---, hk difkr.n ,ufd i i.jcion ' ?j 
d(sj.ocwtcd cells art, p i d uno i i^ture fi^sise a^ o 
i.uspen'^sofl wkKu'I ;„t.lt att^LP.nicpi n^'^ 
difiieuit time iindmg .ft.tt,hnt,;i - .ts m 
poUiiUy, and ^-uf airrinji b...a ISC i , uS 

inin.isiof ri'ini/At 1 his in iv lintu! - <t 1 t) - 
1) Kiplupul v.Jjs ih t ^.<<n ii'i-,'i MaDk toorgni/c 
0- .ijid nun iio'j 

^^.dK>k^^^^ !o wh^i tu . il, wetc ?! tad, ott^>.lu' 
scvoula inuLx v. tht knaf nuinbei o' inipL tUtd 
\sUiuit) luncj-vi 'd.bif po%,)> !>, \>cr<, i,histn Vi 
jj^.'.t.ui rt i,oii \Sc ,ul(j u>)lifiifaKn 
fivin^'i 1 !hi\ R i,jic sijcMf'ih, 'lO dtfi! J 1 1 

iHU'hi i e iMc .1. tnodih Ilk i : i ■■ - i - T 

JO d. M!vu lenuh r Ttj^p i, ^, v. I t 

'Sitl ot, jr cell ^ pes ^ ai.achn.ea i ictors 
ly increase cell ,iU-clnnent In addition we have 



v-O" a.' 0( ! t-it ntc in ]i!jl)iu' liuli^uailv xcu\. 
mukcuics ■Micti J- ^niAt^i (avio ■> dircah nto t'le 
polymer, and allowing ilo.s release of tbi '•t. a^'t-n.s in i 
controlled md prcduta'iie \\a\ "\ m ijt> by a,'^ of 
biodegrAdabie matiKt , we pui'KL ijolv , lunpor^n 
^ ji< d ' i t h tVL'fitt. dK 's 'vMiisorh^'d xCi\ n;' sirin. 
'! I \-' . ' of the !ii!ss u, mi,-.* iicli\ri^i cleireni 
su"" ill 1 'iv the hO'- tjid rndjiied K the rnplanteci 
t... K \i '-i , SL.i c ol ihi. po'vu.ej, lod Ld Jau jd 
sonicv. >i a 1 ^ilu^Jn^no-^ u>,por,i., t ' hkth tf.a' 
iLillK purifK vnn will rt,d ivt (.r lIoi male th»s p rb 
lem rhis 'u<, Jrc. d\ btxn •,h-iwn 'o be the i,d^i, Auh 
eth\ien(. \inv! u lie" jpd j ojv iplivdndes ' 

Jhi-, tet'moKigN aUuv»ti3 s loi e^ig'Uhepian crs \, 
meet iht ojoiOjjR ntcdi In.: sis,/ni wc wwhtd to 
ciealc I he ^onhgur.'ti -n 5f the |X)l>m.;i scifloid must 
h<i^e enou!;i suriacc a ^a f<ir ih^ Mh 'o bu nourished 
OS difliision while le-n isLuLn, ttui (k sirs fhe new 
bloco >e-,si.K inasL mierdifii ite \i{h I i nnpla-iied 
partnthvni i tLmcnt, U v-Uinuitt. tn sapp^jr fiieir 
grow'h «f,oiu I'ld fijfiL'K'n PohiKr discs 

icedtu uisi t iu< , oLi,., oi iJls irui b, jikhme fiber 
networks uhK ^ii<>)\ ihtse needs 1 he branching 
fiberti are based on the same prmcipics th<tt nati*r<- has 
Used to solve tJi:; prooleni of !ni-"eas,ing stirface area 
propf)riioxi j't. to ,olume incieases \J1 nmiticsllidaf 
orjjanism* ijlih^e tni\ rcpcaiing hrunchin^j •,t^el,t^l^ 
Orat'ching s\ stems (eprt.'-ent t,o nnuixiicajon networks 
Ottwten orgins \uil <b the funciional units of 
tndivtdua! organs/*' Seeding; this configur.ition vvuh 
^ei's fd mpianting the s ruetureas fibers allosvs us to 
'.pi 1 •! ' numbc's i>l cJIs each of wh th 's 
-'^I'''^-'. ^'1 ' f ii.cii uf !).L insi I-^itrt-'ort, free 
Svh i,;^ ' a I ii\ and \ isfj cu otctr whtie 
"lJ CLiar/Uion u itnievid If lijPwtion 1 the new 
I'lfse-dimensional mass noidd bt ,rue e,iitnera of 
•^ire iLiiN n d t omenis of ih<" donor and PK.--creh>mal 
K SI.' hic recipient I he term ' ehim^'-te !K-onx)r 
H i-'^erioes the proi-css thai hss.Kuerred 
I . V. a s of this stud} deir.tiiisfate that ^cih froT 
iis'er, tnttstine, and pa ricrc is ean be sLcec.s«fe!ly har- 
vested and att, fh m iitificial biodegradable 
pof>nier& T!ie\ vmI; suivive m eulture m this conhgti- 
ratiun and can iher be iniphnted nfo a hobt m a 
i-ts of loc'atio.is An iftf'anmatoi response that is 
n isolated by ixith the wound i^d thL aatiire of the 
f (^isner will oe<ur SucCv ^lai (.rt, tttnui ! o' ,mi i 
chste-s of 'L.p tnc\t.,s and in-^st, 1 1! uMK in- bi..n 
d^i oiisir=iti,d HtK\citf donoi \<.t h i\„ v,\iuLiKeDt 
>-.l jiv-t'on in ill, new ^ lO'inict FdrNier stiui t •^ 
t- ttit- opt Hit! iinr tt.Ti.t (.s ot fhe r iK lu. 

ai! V ,ineni paranettis <ji -^u th uitt ii,d tun hon 
need to K. perfoimed Chnicaj appjLiiton it, dia Deles 
With bct.i cells of the pmcrea!,, ni hepatic failme utJb 
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aepatocvtes and bjliarv ceijs, and m jmestifwl imuHt- 
ciencv wjth intcstsnal cpitheiitim remains the lon^- 
term goa!. 
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Discussion 



p. Lkmahoc {Bustoiv: This intcresliiig approach, 
vvliich uses bkdcgradabfc inatcri'aJ<j as an artificial 
mainx, ijas beots iuccessfuily <fone in two-dimensional 
syslcjm hy Drs John Burke and Howard Green for the 
repl.iciimcnt of skin for mujor burnis. Dr Vacanti is 
-uicinpiifig an\ techriique izi a threc-dimejj&ional sys- 
} l.x4; forvYLird t» further screening of matris 
rEUtt;- ,iK m Uic 'iuuil- Afsef tnaimaming dispersed 
co!!s hon lac:, t\incfc.iK, and iiiicKfine in cuittire for 
\hTc-c bcloie itnpkuiuulon, siliali viable impiants 
were found in three of t>6 hepatic implants, tWee of 26 
small iniestinal implants with a 6 ram cysiie structure, 
and 0 of 23 pancreaiic impfasus reflecting also our own 
fiofjsucccss with that part icuJar organ. Thoisgh falling 
.far .4inrt i..f providing itt;e(!cd orgatis fof iransplanla- 
hoc! <,v)it(.!i !h,.. .luUior's dreatn, jt docs provide us 
•-vnb. Finnic pjomi^ijig [eohniques, r would make a 
number f.f .suggestions for improving the rate of graft 
itirviv.i!. First of all-sgeficic grafts Were used and 
rcjccLioa cm e.specl to high. I would sugge.st using 
^yngttne.o ;niCL' to test the hypothesis mOre strongly. 
OrJofenx Uudic^^ should be done in order to determine 
!it which fet,il iigt growth would be aliowed. The 
position Of' implantation is aJso viud. We too lost a high 



percentage of grafts in otnentUTii and in mesentery, as 
well as the hepatic capsule and in the retroperitoncujii. 
so we turned to the subroiui capsuitt ^Urti; structures 
can grow without beiitg cjci^tcd. C nn t!u> amiior.'. ur!! ijs 
why the polyorthoester um^ t;rl.;t.ux■c-^,^fui? W^.i..- 
impiafitation toxicity studies dene bcfiirt- tindiM uikiot' 
the present studitjs? Wha( viil be y.>irr next L-sptu'} men- 
tal designs? We will foiiow siU)J.eqi,rn1 ittJiJies with 
great interest. 

J.P. Vacanii (closing}: bynconcic mice cliniiniito 
rejection as a {X.i!enlia! mtxiiator of tiie inflaxnnuuorv 
response, which has been sigf!iT)caiu in some of liie 
polymers we have tested. The tinu'-iine ;itudic.<, xvith 
different aged hmnvAh :irc very iinportatit ,.ind 1 aiH'rc- 
ciate that point. Our hope; -hut c.duR cclh car. be 
used with success as tan fctj) cdL. Wc haw evolved 
the idea that teroiir.,!! diDerontiation of ct;ils is proba- 
bly itot very common and fhai in the appropriate 
ctfcunislance with the appropriate comn-iunicrJiuii 
with other cells and matrix, ceil.s can be raanipylated 
andean i-.^press genes thai \hi-y do not u.'-uail) cxpie.ss 
We have come to the conchjsion that the matrix 
camponem of dinereni tissues probably contrtbiHCs to 
!hc successful engraftmenl of dtflerem cell types. So 



which panicular location lor which particular celi iyi>c 
ncciis to be worked out. We wonder whether we can 
take different pt>lyiners for which we have a lung 
cxpcrt«ncc as* shw rek-asc reservoirs for bkiactive 
niolccules dnd then use them to precondition difTercnt 
tfssu&s with varioa& growth faciori. and differentiation 
faciois b^fort; we do the implant. We might be able to 
fool the ttsaue into thinking it h fetai tissue iis opposed 



to aduit tiisin;. The r>'5l>anh>d! !<jes at Ihc roiHifiJia- 
tion th.it liscd were i^x ir;ist i-uccttssftii and the noM 
kixiciind ihcv are vcr> .icJdic. .imi it i;, vc-tv diTii,u!( to 
keep up with tho dcid n-lnss m cuinirt.- and probabi} in 
in vivo. More work tjecds to clone with ihjs particu- 
lar poiymer family. The poiyorthoester is reasonably 
floninflamniatory and provided good cell attachment- 
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Third Annual Samuel Jason Mixter Lecture 



It .s <tn hmar for me to present th« Th-rd Annual S,unnei 
.r,iso') Uw'ar Lecture before thJ!* dssSmgiushed audi- 
enct !h(' •-nb)t'rt ft thi. rppn-i; 53 tht Isdd of Iranapian 
Kino>-, m it« iJT-totic liefinitiori vvKit ha, been acinevptJ, 
as i(' iwi rnajr hf shoa J 1 1 ig appi opnate that th?s summary 
be ort erited n thi^ forum, omcG fnauj of ihe creative 
inisgfK ard ii no\atiorisj have coim f»^)m Nnv England 
aurf^i'rns I will focus on fpv of thes* eon'nbationb, but 
thi's ,n no way js intended to dimixiih the impact of thij 
efforts, of msinj others, both here ir New England as well 
as m ot^iej centos m the United rf* ates and abro{.d. 

In sjKjpk term«, surgeons, tn>at patients b> takiHf^ ^hin^s 
Ovjt ! Ukivj mnpr- n or rnownp; thingfc dfoutid Oipm 
trasiiipUu* ((1 1 iii,tii?3.n foini recoiTitvuctive sm- 
gerj, ,if (i 1! 1, ( i,n<ni> ost fiihction dj putting some- 
thiri}! 51 \ (t, M ("s >fo.rtiu;t'\pon'nerilai won , fiji^tjf) 
^"i' i<jt -u' 13 il ih^fi I'l thi. i'!inl(a! setting buj^jeji'- 
n i ^ J 1 1 1 . < t . > P iti ii. HuKham Ho-^pitaJ, Bos 
t')u |t<>! . d to ajitk'utke otgtUi Udnspl&ntationmthe 
Mi i- 1 4oih ',tph Mm > «v, MD t r g yo»r current preB- 
iaevA, hi ado« the team ihsit performed tht* first sttccessful 
organ rranspiajit In 1S54 ' It \^a8 a kidney, tTsnsplaated 
from an idonticjl t^^ii! into his severely 11! brother Thf> 
immimolcine barnoi ci pLicing t5ssu<? Tron' one nonuenptj- 
ca!iy idon'jcal mdiMdtial ,nto jnulher wsis (svercomc strait' 
at the Peter Ber.t f^ngham Ho-puai uncJ<-<- Dr U\ n w 
Jirecuor. in t-io i' 5%0s Th^<?, S( mint! achie\f(i<e',t 
if,art<c} i !H 01 > It. jiif-du m. and uurgeiy \it>^'l j 
u. ittt ) >RV fl^■li.- <M u iitUil jn^e^tiga.ion s'lch ti.u- 
l>i.uit f ! n bioloj \ ml wvmi n ii>gT, One of the \try in^poi 
t 'It k )ri I K ini I on (hf>^L> events is that they were 
not t') u funeiK of good }ojtune, bat rather th^ 
(,u)f,iiBa.u)T n: .pRj , ot thoug. iful ipstarch in the kbora- 
*-0! V j~ni\ jh approitch to tjeatment ol patients in a new way 
tn o^u »c of diafistisfiction witii currf nt methods, 

Rf'ji.tl transplantation and bone maiTw^ tr^nspJantatSoj) 
(?u)ivLd rapidly aver the mat 25 yp^s, but the trausplan- 
WE! g! other organs remmned largely e^cpcrimental until 
m\l lS70f- With thf advent of better smmwtjoiupprcs 
■ 301 ,i Aiid&i di 'iid B.iigical a'id anpsthetjc tfithr iijucv Jna 
'hr- tj^diu 1,0 monitor und Lor«tjol i ei(='ctio)-., exti&r«.iai 
t'fin t! .tnsptftntiL n. ut'deraent t!\pioai\t ffrow ti' At the 
"wi (u Wh, thTc w=>r<- aimciM 100 f cart transplantation 
Tnt^i , ''ll v<n ua!if,piar'i«t)oi]i(.nttri and 27 pancreatic 
lni.i--piant pilu-> C JtnuU" i\ tlv, P\t?r ^{)«0 luer trans- 
•Aant^ ovf^r SOOt) heart tranMifents, and ain^ost 500 pancre- 
as tiaiwplaats had been performed by the end uf 1986 in 
the United States <Pig 2} Th^ Boston Center for Liver 



fVom I've i'l^fMU-tm rt, , f ^ , iH vsrd Msdieai Stwol *ni) i'ht 

n.H Ufore the M f-f.t.s; oj the N.-^' BDgim<i S.u-peal Sodft,, 

iiretton Wrt^ds, NW, Sept 12, :ifi37- 
! < i>n It rP<5ue(,U to Ths Obiltirens Hospital, 3&0 i fo^o^i A>e, Bobtm, 




Fig 1,— Jos^h E. mm% MO, Peter Bent Bngham Hospital, 
msiim, eurgecm who peftoroied iworld^ fimt succesigftjf ofgan 
ttanspism in 1 854, iftsJ of a kidney Into an idtintlcaf twin. 
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H«9rt Heert-Long tiver Pancreas 



t=ig 2 —Cumuiativa nutnbef of txtrarena! transpiatHspeirfofmsdln 
Unrted Sta(es by iJecamber t98e. 



TranMpiariiatjui) v,;i<5 i>)-<^;iSt'd in J-it^uiii-y 1<^K4 and was the 
Ki>:th ct?iiU;r l.o nff^r iivcr trsnspJajitauor,; now^ as i meii- 
lioijtid, then are ov'.?r 4i) such c(>nters.- 

ThesQ acliiiivejTierits ;!r<- truiy remarkable, and the life 
ihai. is. returiu'ii U) pr,ti£>!it!j at t'ltnes gqems nwmuioas, 
Howirver, iht-. [jraciKu of traitsplanUtmn is not vrithout 
probif?nis., [ wosjU' like to yhare with you the expi'n<"5t.f of 
pediiUrii' iiviw trfinspiiinlaLiwi afe we currontiy n i-r p' i 
U':ft it ill thr Bo^:,l(m arija. The patient shown in 1- 1?: ' - 
(;arc(! Sov by our prngram in 196G, This ^'bct'j. r i' - s r- 




obtaiTiG i;! while wf? cantinued to treat him a*> an <)u4 pa* si^nt 
We mai.e nery effort to asoid hospitaliBation 'fi nrt'M-nt 
colimimtion by hospital-acquired resistant organi^mi, and 
to keep the chUdreit with th«ir fsmjlies, We had been 
searching nationally for an appropriate donor organ sor 
several moBtha a<} thf patient's condition proKr-issiVpH 
di't^n ,r3.U<i Hit. jom ^v,".. f-'jmph'MteJ hv maik»>fi ti a 

I hi £-d. )jr f " - f Mio -^ ' - } ivL' (]■JV^ atlpr tiaiis 
J in rt ht. f 'i I i o t : I 'ns>. g ^cp^tt hem a ho->})ii"<jl 
. . nn ')rf;.iti5 ii. Irfl- oundit oii w is a chrett itsu't • f Viv 
oFMca! doiior oii»<«'-i ^-hortafi.- Arnriig '-mail chiliren Bf- 
tAeeii VZ'^l snd 4<Vo of niiani" v-u] dto bi fore ii^pr I' 
r uiiiation foi lack of a donor, ^'id nistiy othtrb will bei^ome 
«o enticaily ill that the success of transplantation is 
diminished." Because of the donor scarcity and the '5h')rt 
)ireservatjon times currently allowable for a liver, tf ams 
muat simultaneously harvest donor organs from as, far 
iway as 2000 xialm. To- accomplish this successfully, private 
jf'f aircraft are needed to shorten transporlalton lim« 



Fig 5.—lrt*ant with markad cifrhosis from bmafy alresSs, leading to 
portal hypsrSertsion, mainuirition, gastfO^fitsstitiat tfsct bteedtng. 

antt sopsts. 





Pig 5.— left, Paul S. Russeff. MD, chief of transplantation at Massachusetts Ganeraf Hospitat, Boston night, Jotin 
8urhe, MO, chlsf of trauma services at Mas^otfuselts Generat Hospitai and creator of arliticla! derniia for 
massively burned patients. 
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if'ig 4). Ofwu, v,'o jilhtj employ helicopters lo flv to the 
airport, to the donor hoa{)ua!, and then back to the hospitat 
to nnrnrtiJKu pretiPrvatiojj time. This need adds enomione 
cost am iogjstical complex% to the operative effort, 
thi'j-v^hy )r;cre«stng the risk. 

Suiiil! chiJdrers require tiny livers, often from newborn 
<i.inor^. Tli(> vasctiiar and biliary anastomoses are difiSeult, 
agam incy«uut!K the risik of g-reat failure in the absence of 
srtifiri..: h<;j.at)c support ^lowover, despite the many 
Jiir.it^itjyijK, wii all recognise that transplsntation deea 
work. U Aan& gave lives. The critical is.sue w ratJst face is 
whi?Jh<'r organ transfjlantation ?-i?a!!stieally can ever match 
ihe mcd. As an oxamftie, liver disease accQunts for 30000 
iioptths per year in Hio United States, v/ith an estimated 
ar.ntiai eo.-it of $14 biliion to the US health care system.* 
Tt^n miHion pftfienls in the United States suffer from 
diabt'tos !T!(;liitii!i, of whom COO 000 stfe insoUn dependent 
I'hij-ty pi.>rcont (if thew patients have the devaatatiiiK 
L'f>rapijca(i jfi-5 nf (iipbet'-b Ixi 1984 dollars, their care re^ 
suited m . c».t $1 i 75 h )li«t to the Ug ecomm\ ' hi 
19^o SiHjspi trrn-^i-b-its md ! 40 pancreatic trahi.r'!A it 
-M^K ftt<o.„u ) ifi {'>, >!,. (,j Stat,- Fa" nu -If ' 



donor poo were to double or triple, it would fall for shorf 
af answerm^ the need. Thus, major pniblems .vith orl^n 
transplantation as cia-reirtly practiced intiiud- donor Jo.t 
city, expense, technical difficulty, and labor-inten.ive nmi 
complex «are. 

Surgeons have recognisied these shortcomiiigii for .-n-.nv 
years and have looked beyond transplantation for soiutiona 
Susaell, MD (Fig 5, lefts, from our midai iiutnmsriKed 
new approaches to organ replacement when he wrotf a 
review article on seiectivp t:(>li tranKpi3rit.qtioi! ir- IJiSo H<- 
dearSy state<i that if theri? wad an eff«;et!Vo svav to trans- 
plant only those important fxjnclional ccllitkr eleirK-rits of 
an organ, there would many conceptual advantages over 
organ transplantation. Researchers have tried for IS years 
to solve the problen! of islet eel! transplantation, k-r 
example. Many others hsive worked on hepatDcvu> iran«- 
plantstion as a way to support patiesits with liver failure.- 
And eo. ce;! traj5splaritas.Son has hecome a conceptual 
,11 ir> I t i^ -(jz, now- St ik stiH hifrhiy cKpenmenl al 
j.n ' n< i-) '> , ? , <ae, MD {Fig G, ri^ht), Rrappled v ith 
T * .1 !' 01 - ) . 'Ba<i Vf bar.) w.>,ir<^ He rcah'^ed thai 
■'ui ,\c' n A <j 'rvet< wp', tile .'cji3<i'^totic of gjc- 





Ftg S —Left, Sasweed on Cape Cod sho-^ displaying branchinq pattern mat n^3t<-hc<4 
suriacs area to voiume Cenier, bawm injectron of puteionaryTSry in l^q?^ ml^^n 




Ftg 8 — 'Sovms scrftc &n«iottio(ai ceils migrating into gsJ of con^iex 
biQfnatnx ftor» polymer fibers (ottginaf magrtlRcatlon x ISO). 



mss-IjI !nij:i;ij,enn.'tit. This approac^i hwcvct, \\4i 'imiwvl 
bv tht arailaoilily of (io'uu mm. Dr Burke uegan to 
i;orie<?t)tU!JiKe croatmsy ar irtifuK.! wound ravt'jage. a 
mUnx if Ti'>o(k': 'rii ' h \t v, (..iS-i bt? tn muhc*ui i?J *rom 
nafjrj] tl 'lu (it \\i,ki^y v\!tl Knr.as VaiiiWi, MD. at 
Mabuirhu i Instia.tf nf lWm<M)^,v CJiiiihridfrf-, Mass, 

< Si! 1 1 >)il.!>ii' , {ih<Mj an ...pen burt. 

>^(iii)ul, I JiL.iT .(ijt;j„ti )ii <4!Mi v^^<^^.uI^t tiiKioulh into tht, 

timt, hecomang a living element h pi -ic ? mii < 1( mt'ni f> tin 
expanded sl'tn grafts wert f>iadui.dl>, placed on the new 
dermi? afvei' vascular inj^rowth i t,currt'i " 1 his concept atid 
ita succcpsful use will civ.>ar!v be one of the hallniarl! 
contnb Jticins to the mana^ment of patients m Lhe Iatt«r 
haif of the 20th ernturj iSi Burke and his col!eag:wes were 
ar>l(> to poKe the problem of cieatmg <i nw oignn tn two 
dunetisions by using nstuvsl suhatistices in a creative wa3'. 

We whether could apply these principles 

of cell transplantation <tiid artificial matrix to three-dimen- 
sionai aystonis' m tht defeigsi of \ lan ral otj;ans What vsould 
be necessarj'' Otip vvofki nofri lii'ibociated parenchymal 
cells and an apprv)pna e biodegiaciahh scaffold that would 
a!!ow the cells to remam m-SIIq by d ffasion, promote 
v-aseuiar mgrwth, and permii: celKiiar proHferatiun and 
ftineuon The design af hueh a system ib a major pfrobim 
leqatrmg expertise m cell and developnieatal biology, 
polymer technology, and biomedical eiigineejing. 

Vite rationale foi such , proponai is based on several 
h oiot'ic (b'.('iv.'iR)n> E\ ^r^ Irjctiao lu living organisms 
u'vet cunstaiit ^<-^lel^ u u moc' 'ling, v\a replacement 
ih-^si jatcd ^ti\ii.tur.il ccils j!a„fti m ceil ei.Uui'^ tend 
toi<M<l J 'foiTT'if: liHii -^-iiusi jrt 'i Their abiht,- fo do «o 
d('pt,^ds on in^ t jiii'uojm and <u<^^ provids'd m cuJturt 
K-'n nt le^ .nv-iu it ftuintln^Siai cc'lh tbat v^ill form tube^ jf. 
"tl) si(. bil irv' ' P- '>ia Will ii,rm dacts> in Miro,"" 
J ma) ff/ati p<irt iiiai celt ,)rf :>m borage (k{>endent 
Ii u)ss,or ,tod olIK are pla'^e'i inro matun* lif-buf a>! a 
-a-ptiitn^i Aiihojt ctli aitaoninLn , they ttia^v have a 
'liff.c'iU ti'iu' finLLiig atiachment sitttb that will allow for 
f roper potsntj and ceil ftinction. This may Uniit the total 
niimb«?r of implanted ccJIf that would remain viablife t& 
orgaisiKe, prohieratej and function Finally, bat very im- 
poitaai, iisbue cannot be implanted in Miltjraea of greater 
tiian 2 to 3 mm' bec&tise nutrfnoR, gas exchange, and 
ciimsnation of wastp produei?^ ih linnltd by Ihiis maximuni 



Fig Si—Oiagf am demonatratlng potential of slow release of tirotog ■ 
Icaljy sctlve macro molecules from polymer matrices, FGiF Incficatea 
fJbtDbfast growth factor. EOF, apiderma! growth factor, atid NGP 
nerve growth fector. 



diffuMoti d}s',irice ' Wo evolved the concept ibf otifi-i 
'lei-'iod of a ncs^- orga.i in ■3iiu by placing Juiatioii 

dissociatca cell on'o biodej^radabK cirtifici.ii polvnitr- <> 
culture and thi'ri pUici ig ihih poiymer-cel' hcaffold iptc a 
host where vascularigation, growth, and function could 
occur. We have teamed thts proeeas ehimenc neomorrpho- 

The techniQue involves the harvest of the approoriatf 
pamncf \r V fvpt- a^d placi^ment into cell culture on 
X 'I, • ji > . The abiS ty then exists to manipulate 
<Ji( . 1 1 tl fultiw txamplp, one ctndd expand 
till ' I '1 HI u Ls m cultuie, offering the oppoit'inity of 
u=;ing a iitiaii {'ample of the patient^ own rpili and aikwing 
prjlifcrition to achieve adequate numBLrs to replaco la&i. 
function One could mseit ms^Mng frenes. for protein piod- 
ucts such as factor VIIl u«mg the methods of genetir 
engineenng. Ofte might also mampulste antigcme surface 
detentiiTiantB w elimmates unwanted antigen-presenting 
eeili, thereby decreasing the likelihood of immune rejec- 
tion. The cell-poljmer sca'fold'^; art Ibc!! pieced bsnV i>Mc' 
p<i*^'<.jts IP apprrpnatp locatjons U!i<l!'i tlu' pn-jit 3r.ib 
tions. The mijoi conponentd of thf- ii.chj,.p]< .\,> 0) It 
use of biodegradable polyirers (2) cell iriabilit\ '-iipportfl 
temporarily by diffusion <8) pi ohferatum unj organization 
of cells; (4) vaseulartzation of thi growtiiifi: ct'll mass, 
(a) proper cell function in the context of new fetrucimc 
One must SBiphasize t^ie importsiice of vafccuiarjzation to 
allow cells to hawe adequate tiutnent, gas, and waate 
e;xcbang«« The design »f the polymer scaffold must allow 
ail cells access to the enviromnent until vascular ingrowth 

Ta'- T.<.orli, ha& bom done in clu'-c ccliaboiatiot. wntli 
Rote I Lang:?!- BcD and h.s j^roi'p at tbp Maswichutictt ^ 
bi'C tute of Tuchn >'osry Tlw inual deyt/n \\af tba', of 
5n>i ^<,a>i it otodf'pradablo pn[\anh-v )nae Cell'; \\tn 
V 1 r < ..ji Iciver utitr tli(> wafei n cultuit atiJ thoji 
pacsM lua ecpieni. anin,al whue on thy uisk ^>ur in'ial 
e<pcHments \vere noi verv i^ucet-bbful We thoufth' th - w>i=: 
most hktdy due to cell numbei and ct-l! dt r&itx tlw* %vet( 
inadequate for •succqshUi! cngraSf mert En tJiw conuxt, 'ac 
began to addres'j the quesii ioii of growth of imaiiicelbaSar 
organisms. How does Mother Nature solve tne pi-ob)ein of 
three-dimeTtsional growth? A& a maiss uf colls enlarges, the 
surface ar&a iiicreasfea only sa tli« square of the radius, but 
the volume increases as the cube of the radius. How does 
nature tackle this mismatch m that the cells on the interior 
can be nourished? Nattire uses* branching networks to 
achieve th!"« goal of matching surface area to volume Sh(> 
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men li. lifitli m the animal and the plant worlds. All organs 
art' compa^t-f] of istertwined branching netwoi-ks and all 
cymmufiic;Uioni between organs is sccompiisbed by braneh- 
j!ig jsysteras. Indeed, animals are BtnicturaHy not much 
.JiiTorcint from plants in this fandamcntal repeatins: pat» 
U'Tu Tb be suceessfttl in their niche, animals must think, 
'•t-jsct, and move, hence, the d^'veloped nervous system, the 
ci>vcr:r>g of the skm, {sdU th« mobility allowed by a mascu- 
knkfitits! i-yatem {Fig^x Hut, in essence, we are branching 
networks, m«ch as pJatits aru." 

iryvers! experimejitfi Haw been perforaed to test the 
R-aBsbiiity of this concept. IHiodegraiahl? polymers of fiber 
rif f svorlfi are constnwt&d. Ceil suspe aions frotn the liver, 
intestine, or paneresjs are placed on poljimers and the 
polvtser-cell ecaffokl is maintained in culture for four days, 
ant! tbftii it is reimplanted in the animal. Sites tested haire 
inciud^ii the oinentum, retroperitoneum, and subcutane- 
ou^i ti -iM-' rigure 7, left, is a hcanning electron micrograph 
r!3«i,()ciau>d hepaiot\\tef- that have been placed or to 
j<.>]yTtii;r fibers of poly^Iactin and euitared for several ^laY^. 
'Uiei'a <jjf many heiihhy hepatocyle» and other?! th,c 
appi?^> t.) be t eg<=!ieratiKg. i' igare 7, right, is a hopai i 
implant in th'i unientun' one week after engraftm,"' ! 
Phowh \n'y viahtp \uhi healthy hepatocyt«s »» a„ 
mitotic ng\(re& jtidicafing mil proliferation in the growing 
mai^p. Visible ss weii are blood vessels throaghout the 
miplant and evidence of bile canalieali as specilized areas 
of ths hepatocyte tncjuforane. We have placed aorUc ondo- 
rhelial cells onto polymer Sbers and suspended them in 
gels of complex biomatrix (Ftg 8), We have observed 
proliferalion of the cell? on fh& matrix and mixtion of the 



cells off of the fibere into the gel in an organia^d nismner 
reminidcent of capillary brsmching. 

The polynjers we have empltQred are raan-madt ami 
therefore allow great fiexibility in composition, configrira- 
tiott, and canlroi. We can engineer tanaJle strenjith, vaiv. of 
degradation, and suitability for cc-ll attachtnent Vr« may 
be able to modify the inflammatory responbi.' aiid ceU 
attachment by modifying the material or by coatingr it 
Growth faetora, ^rrowth inhibicorB, and differentiation fac- 
tors can be incorporatt'd directly isity the polyirer matris 
(Pig 9). As the polymer eY< des. the^e fadors can be 
rt^leaeed in -a. hiologically active form to stiniuiatt' the 
tissue signaling proliferation or differcntiati n Tho loly 
mei'S can also be plared with cells attached into ihrae- 
dimensional geJa of coUagen or complex bioroatorices; they 
then may be studied with time-lapse video photofrrsiphy. 
This should allow them vitro study of cell-cell irrteraeUons, 
We aj"e now rigorousiy iiiudymfr optimal conditiont- for cell 
attachment. By pruc nditsoninp pi.lymrtr fiber.-* wish rari- 
0U6 buffers, ihe polymer surfa<'c li roughened, tht;rcby 
.r.csea.'.ing (.ell attachment We have alsj coated polymer 
•itK>-& with eoilagen, gelatin, and fib'onectm to uio-sase 

1, attachment, 

'^he year 2000 marks mi only Uie begmrini!; vt a ntiw 
(.(.nfiii7 but the dawn of a new railleniiim. Cell iranfeplan- 
tation holds great promise i the ireatnipnt of maiiy 
diseases. Mtich work needs to be done, but our hope is that 
someday cellalar chimeras will provide replacement tissue 
for patientt? as an alternative to organ Iranspiantatitm as 
eurrently practiced. 
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Effect of Uimethyl Sulfoxide o» l«l<ind Flap £\nfu4oii and SurvKa! in RaLs 

Jeifiej KoiwW lV,Kjiy, Lii,!,',L" W Ci i .i^uij? "-TD 

liivestjg-auoti', t hi' tffcft < f d.methi, 1 r iji f. x.v^t. < Di!FO; i,." -Uv. tl-ip tarviv.xl have gwier.it 
In ■.■iilitdin, tc ow Knus ledge, llitM.ffrtt of Rjatei-"! DM.<0 o;, -k.iv> f<a{> btfmd pi rfu.'iioi! }ia.s >.<. 
r t J Jit d, V'cyx this .^tailv, Jfits ^^-crc (imt.ed iji* ^ *0't>e f,i up,- 'Sin (.oiiUnl jvioup, .2' .i 



lfM"^0 ,5osX'5pfr^tively opiy ifor '.(Vfr. cl(ij;\ ,tnd \i) a prejpcraU\el\- iiifcted group (fnr three 
proop' ^A' ;vi !y and .=!even days poetoperstjvely). The DMSO was given intrapentonpally -at a uof o of I 5 g/Kp 
On £ -L'h .at. .;i aLddminftl i$«iand flap (3^6 cial wc.'i raises) and restored to its ori(;in,ni .site T aser Doppier 
',i=!u(n-SPi'-y and ^rfu^ioii tliierom^try were, uficd to monitor flap perfiwioi ontticdistt^ly ^oUa'w r, irg^ry 
(day i)^ arid on poatoperative day ,3. Flap eurvival was MgaifScaatly greater in the DMSO-tix-ated groufw when 
jcmpared with the control group. Significant hicreases in bteud perfUBioii were noted in the treated flap* on day 

Seprtnt fajjUeatB to Bepttrtment of Otolaryngakigy Iil^S», Utiivet-sity of Wachingwn. ^Seattle, WA 981S5 {Mr HslJar). 
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